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Abstract 
The objective of this study is to present the price volatility as well as the sale and 
purchase market dynamics, taking into account the effect of the recent global 
economical crisis. The relationship between trading volume and price volatility is 
examined for five-year old second hand vessels both in the dry bulk and in the tanker 
market for the period June 1996 to July 2011. Consistent with the literature in 
financial markets, a positive relationship is found to exist between price volatility and 
trading volume in both markets. For handysize of the dry bulk market and aframax 
and VLCC of the tanker market this relationship is found negative and consistent with 
the findings of past studies (Alizadeh and Nomikos, 2003 and Syriopoulos and 
Roumpis, 2006). Such a negative relationship would be expected in all vessel classes, 
as the shipping industry is a market of thin trading. As being expected, the results 
indicate that having incorporated the effects of the crisis, there is a differentiation in 
the vessels’ price volatility behavior from what it was observed in previous studies, 
conducted before the crisis begun. This study contributes to the understanding of the 
shipping market microstructure and to existing empirical studies in the dynamics of 
the market. Its results can be useful to investors in order to plan their investment 
strategies and evaluate their risk in order to profit gain.  
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1. Introduction 
The relationship between trading volume and price volatility is very important as it 
contributes to modeling and forecasting prices. Throughout the years there have been 
many studies on this relationship, especially in the financial markets. In their 
empirical studies, Grammaticos and Saunders (1986) for futures markets, Harris 
(1986) for US equities and Malliaris and Urrutia (1998) for agricultural futures, 
provide evidence of the existence of positive relationship between absolute returns 
and aggregate volume.  
The results of most of the studies in the capital market demonstrate evidence of the 
existence of positive relationship between price change volatility and trading volume, 
in which there appears to be a causal relationship. The direction of this causal 
relationship differs between markets. The unique features of the shipping market, 
being one of thin trading, makes the examination of price – volume relationship 
interesting. Even more so, is the examination of the second hand vessels, as their price 
is the result of private negotiations between a buyer and a seller.   
The shipping business is capital intensive and its market is highly volatile. Different 
shipping market segments exhibit different behavioral patterns. The vessel size class 
is a critical factor. Ship – owners have to decide on what size of ships to employ as 
well as whether they should proceed in buying new ships or second hand ones. 
Stopfold (1988, p. 383) argued that “typically, second hand prices will correspond 
sharply to changes in market conditions, and it is not uncommon for the prices paid to 
double, or halve, within a period of few months”.  
There are studies in the literature where merchant ships are considered to be real 
assets with limited economic life. Strandenes (1984) use a present value model for 
ship price determination. Using annual data, he examined the dry bulk market and the 
tanker market for the period 1968 to 1981. He found evidence of the validity of the 
semi-rational expectations assumption as his results demonstrated that, relative to 
changes in present profits, prices are mainly influenced by changes in the long – term 
equilibrium profits. According to Zannetos (1996), ship owners appear to have ‘zero 
memory’ of the last crisis and tend to make the same mistakes. Freight rates are 
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forced to decline when ship owners deliver the ships they have over – ordered. Most 
of these orders are usually made during high freight rates, which leads to a fall in the 
market as the demand remains the same. 
A number of empirical studies examine the Wall Street’s saying "It takes volume to 
make prices move." Nevertheless, in their study, Syriopoulos and Roumpis (2006) 
provided evidence of the opposite. They examined the market dynamics of second 
hand dry bulk and tanker market and the sensitivity of vessel price movements 
following the arrival of new information signals in the shipping markets. Price 
volatility was found to affect the investors’ expectations for capital gains and 
therefore the trading volume, whereas the activity in the sale and purchase market was 
found to have a negative impact on the volatility of price changes. This is in line with 
the empirical findings of Alizadeh and Nomikos (2003) who, examining the price – 
volume relationship of the second hand dry bulk vessels, concluded that an increase in 
the sale and purchase market of vessels leads to a reduction in the market volatility. 
This paper examines the relationship between price and trading volume, as well as the 
effect of trading activity on price volatility in different size second – hand vessels 
both of the dry bulk and the tanker market. Five – year old vessels are examined; four 
of the dry bulk market (handysize, handymax, panamax and capsize) and five of the 
tanker market (handysize, panamax, aframax, suezmax and VLCC) for the period 
June 1996 to July 2011.  
On a theoretical level, the existence of a positive relationship between trading volume 
and price changes can be explained by the Mixture of Distribution Hypothesis (MDH) 
theory of Clark (1973) and the Sequential Information Flow (SIF) theory of Copeland 
(1976). Although these theories were developed on financial assets, in this empirical 
study they are applied in a market where the underlying traded instrument is a 
physical asset. 
1.1. Objective and expected results 
In periods of economic crisis and excess volatility, investors have to form their 
strategies and decide whether they will proceed with their investment plans, if they 
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should change those plans and adjust them to the new market conditions, or if they 
should freeze all plans and wait for the market to rebound. From a scientific point of 
view, it becomes of great interest if a relationship between price changes and trading 
volume exists and if it does in what direction, in order to gain fruitful information of 
the market which could be used in the investment decision process.  
The objective of this study is to present the price volatility as well as the sale and 
purchase market dynamics, taking into account the effect of the recent global 
economical crisis. There has been no study, to my knowledge, to investigate how 
these relationships are reformed after the crisis. Its results can be useful to investors in 
order to plan their investment strategies and evaluate their risk in order to profit gain. 
It contributes to the understanding of the shipping market microstructure and to 
existing empirical studies in the dynamics of the shipping industry. 
The results of the present study are expected to differ from that of the previous two on 
the same subject (Alizadeh and Nomikos, 2003 and Syriopoulos and Roumpis, 2006), 
as a consequence of changes in market conditions. As the industry is highly 
globalized, the demand of shipping services is reduced due to the global economical 
crisis. During the past three years both the usage and the value of ships has altered. 
The more flexible ships in terms of capacity and routs they follow, end up to bringing 
more gain to their owners. This has an influence on the sensitivity of price changes, 
which is the result expected to be provided by this empirical work. 
1.2. Limitations and future research areas 
This empirical work is subject to some limitations not only to the time it is being 
conducted, but also to probable changes in price volatility and trading volume 
dynamics as the present crisis unfolds. Future studies could examine whether the 
patterns observed in  price change volatility before the recent global economical crisis 
have been altered after its end. It would be interesting to examine if Zannetos (1996) 
is confirmed in his saying that ship owners have ‘zero memory’ of the last crisis and 
continuously make the same mistakes. 
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The structure of the paper is as follows. Section 2 briefly introduces to aspects of the 
maritime industry under study. Section 3 reviews previous studies on the price – 
volatility relationship. Section 4 presents the data and exhibits their statistical 
properties. Section 5 demonstrates the methodology employed, while section 6 
presents the empirical findings. At last, section 7 concludes this study. 
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2. The maritime industry 
Transport is one of the cornerstones of globalization. The transportation of goods has 
made their trading feasible almost anywhere in the world. According to the Journal of 
Commerce (April 1997), “despite all the headlines and political bluster surrounding 
the World Trade Organization, [North America Free Trade Agreement], and other 
trade pacts, the real driving force behind globalization is something far less visible: 
the declining costs of international transport.” 
The shipping industry holds the 89,6% of global trade, while overland modes hold a 
share of 10,2% (UNCTAD 2009). This indicates that shipping is a crucial industry in 
global economy.  The two thirds of the seaborne trade globally consists of dry cargos 
while the rest is the liquid bulk. This empirical study deals with dry bulk ships and 
tankers. 
The dry bulk ships carry bulk cargo. Their cargo is unpackaged commodities that are 
usually poured in ship’s tanks. According their capacity in tons,  the bulk vessels are 
sized as follows: a) Handysize, with a capacity range between 10.000 and 25.000 
DWT (dead weight tonnes),  b) Handymax, with a capacity range between 35.000 and 
50.000 DWT,   c) Panamax, with a capacity that reaches the Panama Canal limit in 
width, approximately 65.000 DWT, d) Capesize bulkers which reach in capacity the 
range of 100.000 to 180.000 DWT and are mostly used for the carriage of ore and 
coal, and e) VLBC which are ships that exceed the 180.000 DWT in capacity. 
Tankers carry crude oil and products (smaller sized tankers). According to their size, 
they are segmented as follows: a) Ultra Large Crude Carriers (VLCC/ULCC) defined 
as vessels with a capacity of 200.000 DWT and more, b) Suezmax, of 120.000 to 
200.000 DWT, c) Aframax of around 80.000 to 120.000 DWT, d) Panamax of 55.000 
to 80.000 DWT and e) Handysize whose capacity varies from 25.000 to 50.000 DWT 
and are mostly used for carrying products. 
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2.1. The second hand market 
There are three major markets for vessels. The market for the new constructed 
vessels, the second – hand market, where vessels continue to operate under new 
ownership, and the scrapping market for the retired vessels.  
A major characteristic of the second – hand markets is the change in the ownership of 
vessels. Contrary to the new building market, the total capacity of the carriers globally 
does not increase. The second hand market is established in order to support the 
redistribution of vessels and the utilization of their capacity on other operators in a 
more efficient way. Furthermore, it is more financial beneficiary for the new shipping 
companies to acquire a second hand ship and enter the transport industry with less 
funds. In this way, competition increases and transport costs are reduced.  
A second hand ship presents an opportunity not only to new shipping companies, but 
existing ones as well. Shipping companies have the opportunity to release the less 
operational vessels of their fleet. However, the release of a second hand ship often 
involves significant cost to the owner, as the price it has in the market can be very low 
due to fluctuations or low demand of potential buyers. On the other hand, the 
acquisition of a second hand vessel is a lower budget investment which can be 
delivered immediately, contrary to the new build ships which are delivered 
approximately two years after the order is being made. Nevertheless, the economic 
life of a second hand vessel is shorter and incorporates risk, both technical and 
operational. 
Second hand vessel prices are significantly affected by the number of traded ships. 
The quality of those ships can be assessed according to various standards that aim to 
eliminate uncertainty for the new owners. This procedure often provokes functional 
problems in the second hand market as it does not operate uniformly worldwide. 
Vessel prices show volatility for various reasons. Being related to the ship prices, 
fluctuations in freight rates may have an effect on them. Freight rates depict the 
potential revenues of a ship from its use. Thus, high or low freight rates affect 
positively or negatively the ship prices respectively.  
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Vessel markets are highly correlated with the global economy. The economic 
prosperity has a positive effect on consumption and thus on transportation of goods. 
Throughout the years, the demand for transportation capacity increased in order to 
cover the increasing needs worldwide.  
2.2. The crisis effect 
The shipping industry is considered to be the most globalized of all industries. Being 
such, it was particularly affected by the recent economic crisis. The demand for 
shipping  transportation and related services was reduced rapidly. Although the 
international trade rate of the last sixty years has exceeded in growth the world’s gross 
domestic product rate, in 2009, the world’s GDP decreased by 2,2 %, while trade 
dropped by 14,4% (World Bank, 2010). 
In 2009, two of the world’s largest container ports, Singapore and Shanghai, 
experienced a decrease in their port traffic by 13,5% and 11% respectively 
(Containerization International - News, 2010). Nevertheless,  the shipping fleets’ 
capacity increased as new vessels, ordered before crisis, were being delivered. During 
2009, the world fleet’s total container carrying capacity increased by 5,7% 
(Containerization International - Online, 2010)  
The maritime industry does not show a quick response to changes in demand. As it is 
shown in Figure 1, the demand for containerized trade grew faster than the supply of 
container carrying capacity during 2002 to 2004. Shipping companies ordered new 
tonnage which was delivered approximately one to two years later. That led to a 
supply greater than the demand, evident in 2006. After the crisis there is a surplus in 
the supply reported.  
Figure 1 - Growth of demand and supply in container shipping, 2000–2009 (annual growth rates) 
 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Demand 10.7 2.4 10.5 11.6 13.4 10.6 11.2 10.9 4.4 -9.7 
Supply 7.8 8.5 8.0 8.0 8.0 10.5 13.6 11.7 10.9 5.2 
Source: UNCTAD Review of Maritime Transport 2009, updated with data from Clarkson Container 
Intelligence Monthly (January 2010). 
Second-hand dry bulk and tanker shipping markets. Page 13 
 
As the crisis unfolds, the future of euro remains under serious threat and countries 
within the zone suffer from slow economic growth, inflation and high borrowing 
costs. This is thought to bring a threat to China’s dynamic role in the shipping 
industry as there is a significant slowdown with the reduction of overseas demand. 
The implications of this crisis are evident in Japan as well who sees ship buyers, both 
domestic and foreigners, turning to other markets seeking for cheap new building 
prices. Given this economic framework, the study of how the sale and purchase 
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3. Literature Review 
In the literature, throughout the years, there have been various studies examining the 
relationship between price changes and trading volume. Karpoff (1987) exhibits 
various empirical works where the relationship between absolute price change and 
volume, as well as price change per se and volume was examined in equity and 
futures markets. In almost all cases, there was evidence of a positive correlation 
between absolute price change and volume, while a positive correlation between price 
change per se and volume was found to exist only in equity markets. 
In his work, Cornell (1981) examined the relationship between price volatility and 
volume in 17 futures contracts where, for each type, he found evidence of a positive 
contemporaneous relation. The concluding remarks of Tauchen and Pitts (1983) in 
Treasury – bill futures pointed towards the same direction.  
Harris (1986) suggested that when unexpected news come, all traders revise their 
positions. This causes a change in price and trading volume. But as the flow of 
information is not constant, price volatility especially in futures contracts could be 
changing through time. The sequential information models of Copeland (1976), 
Jennings et al (1981) and Smirlock and Starks (1984) suggested that as news travels 
from one trader to another, there are intermediate equilibriums before the final 
equilibrium is being reached. In this way, the volatility of prices is able to improve the 
forecast of volume and the opposite. Grammatikos and Saunders (1986)  found a 
positive correlation in foreign currency futures. 
Schwert (1990) examined the price volatility for the period 1997 to 1999 around the 
Asian crisis. He showed that when the market was declining, innovations had a 
negative effect on volatility which was two and a half times more than the positive 
impact it had during the booming period.  
McCarthy and Majand (1993), used the state space procedure to detect the causality 
relationship between price change and volume. Allowing for data to decide the 
direction of the causality, this procedure turned out that no such relationship existed 
between trading volume and price per se, but a positive one existed between volume 
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and absolute price changes. All tests showed evidence of a positive dependency of 
trading volume and volume of the day before, consistent with the sequential models of 
Copeland (1976).  
Alsubaie and Majand (2009) examined the returns volatility – volume relationship, 
together with the volatility spillover direction between large- and small-cap portfolios 
in the Saudi stock market. For that purpose they used as a proxy the intra-day 
volatility as well as overnight indicators. They found evidence that the spillover effect 
from large to small companies is larger and statistically significant. 
Using intraday data, a number of researchers examined patterns of volatility and 
volume in the stock market. In their work, Oldfield and Rogalski (1980), French and 
Roll (1986) and Stoll and Whaley (1990)  indicated differences in return volatility 
between trading and non-trading intervals. The volatility during the trading day was 
found to be much greater than that of the overnight, while the weekend volatility was 
much lower than that of the trading day. According to Wood et al (1985) the return 
volatility is greater when the trading day starts, lowers during the day and rises again 
towards its end, while Jain and Joh (1988) suggested that the trading volume is at its 
lowest on Monday and Friday and picks up during the other trading days of the week. 
On the other hand, there have been other researchers who tried to develop models in 
order to predict patterns. Foster and Viswanathans (1993) examined the stock market 
trading volume, the trading costs and the price volatility of the New York Stock 
Exchange for the period 1988 to 1992. Their results were in conflict with those of 
Admati and Pfleiderer (1988) whose model suggested that trading costs are low when 
volume and return volatility are high. They found evidence that for actively traded 
firms, the trading volume, the adverse selection costs and the return volatility would 
be greater in the first thirty minutes of the day, whereas the trading volume would be 
low and the adverse selection costs would be high on Mondays, which is consistent 
with  Foster and Viswanathan (1990). Although the intraday trading volume appeared 
to be high when returns were most volatile, they did not find evidence of significant 
interday variation in return volatility. Their results were not able to explain the 
intraday phenomenon of high trading costs when trading volume was high. 
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A number of researchers examined the return – volatility relationship in emerging 
market economies. Poshakwale and Murinde (2001) used daily indexes of Hungary 
and Poland to test for stock market volatility. They used the GARCH- M technique to 
find that volatility is not persistent in both markets. Siourounis (2002) used daily 
returns of the Athens stock exchange. Using a number of GARCH models he tested 
for market efficiency. His results showed that political instability influenced  the price 
volatility indicating the existence of inefficiency in the market. Bologna and Cavallo 
(2002) used daily returns of the Italian stock index futures. Using a GARCH model, 
they came to the conclusion that stock index futures have a big affect on the reduction 
of volatility in the stock market.  
Basher et al (2007) examined the time varying risk return relationship of the Dhaka 
Stock Exchange (DSE) of Bangladesh and the impact of institutional factors. They 
divided their work in two sub periods; one before the market was open to international 
investors and the other after it was open (1990), and found evidence of market 
inefficiency. Although a significant relationship between conditional volatility and 
stock returns was evident, the risk return parameter was found to be both positive and 
negative. Stock volatility was not found to influence the lock-in. On the contrary, the 
existence of circuit breakers had a significant influence on realized return volatility. 
The affect of new information on the market was found to be weak. 
Most of the recent studies used GARCH- type models in order to examine the price- 
volatility relationship in a dynamic framework. Gonzalez et al. (2003) used weekly 
equity returns of the Mexican market. Using a GARCH(1,1) model they found that a 
statistical outlier in the data had the main effect on volatility. Evidence for positive 
price – volume and volume – volatility  relationships was acquired from the studies of 
Najand and Yung (1991) on treasury bonds, Bessembinder and Seguin (1993) on 
future markets and Foster (1995) on oil futures markets. In their work, they all 
employed the Generalized Autoregression Conditional Heteroskedasticity (GARCH) 
model as asset returns presented time- varying distributions. Najand and Yung (1991) 
used the GARCH model to examine the relationship between volume and price 
volatility in the Treasury – bond futures market for the period 1984 to 1990. The 
GARCH (1,1) specification was used, as it was found to best fit the needs of their 
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study. There was evidence for a positive price volatility – volume correlation. Volume 
was found to explain the volatility of Treasury-bond futures although past volatility 
persisted. They found contradicting results with the work of Lamoureux and Lastrapes 
(1990) in the spot equity market, as GARCH effects continued to persist regardless 
the addition of volume in the model. Bessembinder and Seguin (1993) examined the 
relationship between volume, volatility and market dept at a sample of eight 
agricultural, metal, currency, and financial futures markets. Their results showed that 
the impact of an unexpected negative volume shock to volatility is not so big as that 
of a positive one. In all markets, price volatility was found to have a negative 
relationship with the expected level of open interest. Foster Α., (1995), examined the 
relationship between trading – volume and price variability in oil futures markets 
using the GMM technique. The results indicated volume to be an inadequate proxy for 
the rate of the information flow. On the other hand, volume was found to have a 
strong contemporaneous relationship with volatility. Foster indicated a number of 
factors that could be responsible for the inefficiency in oil futures prices, such as the 
fact that traders take into account the price of vessels on trading volumes of the past 
or that they act being affected by trading patterns of other agents. Overall, he found 
evidence that the flow of information or its nature was not able to explain directly the 
volatility of prices. So, he concluded that illiquidity and the immaturity of the market 
could be affected by some type of noise trading. 
Aktani et al (2009) examined the characteristics of conditional volatility in the stock 
markets of Estonia (TALSE index), Latvia (RIGSE index) and Lithuania (VILSE 
index) using various GARCH models. They used daily returns of the three indexes 
together with a synthetic BALTIC benchmark index and found that all markets 
provide evidence of asymmetry and complex autoregression in the returns. It was 
evident that, in all the markets examined, an increase in risk did not always lead to a 
rise in returns.  
There are various studies made on the shipping industry. In one of the early studies, 
Kavussanos (1997), examined the dynamics of conditional volatility in the dry bulk 
market where he found that small size vessels are less volatile compared to the larger 
ones. Shocks to the industry, such as the Gulf crisis, were found to relate to high 
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volatility in all different size markets. Furthermore, he found that idiosyncratic factors 
affected the markets differently.  
Tvedt (2003) examined the dynamic of the international bulk shipping markets. There 
was evidence that market prices followed a random walk. Confirming the traditional 
models of shipping markets, he found that high freight rates lead to an increased 
supply of new vessels, while the increased utilization of the existing ones together 
with low freight rates leaded to a reduced supply. Overall, his study showed that 
freight rates are mean revering. 
In another study, Chen and Wang (2004) examined the leverage effect in the 
international bulk shipping market using an EGARCH model. They classified vessels 
in three categories according to their deadweight tons (dwt) and showed evidence that 
past innovation and current volatility had a strong affect in the shipping market. 
Goulielmos A. and Psifia E. (2006) calculated the duration of freight rates cycle 
which they believed to be strongly affected by banks’ finance for ship buildings 
during boom periods. The Rescaled Range Analysis was used for 379 monthly freight 
trips for the period 1971 to 2002. They found that freight rates are not normally 
distributed and do not follow a random walk process. Instead they show long – term 
dependence and memory of the past and present. Freight rates series present medium 
and long non-periodic cycles of uneven duration of 4,5 years and 2,25 years. 
Alizadeh and Nomikos (2006), based on the relationship between price and earning 
variables, developed a strategy of timing the sale and purchase of ships in different 
sectors of the tanker shipping market in order to use it as an indicator of investment 
and divestment decisions. The performance of this strategy was tested during the 
period January 1976 to September 2004. They used the long-run cointegration 
relationship between earnings and price, and based their trading model on the 
deviation of the ratio of log price and log earnings from its long-run mean which they 
compared to a passive buy and hold strategy. The results showed evidence that 
although trading strategies based on earning – price ratios out-performed the buy and 
hold strategies, they worked better for the larger vessels market than the smaller ones. 
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Overall, they concluded that in the tanker market a combination of technical trading 
rules and fundamental analysis is optimum when making sale and purchase decisions. 
Moreover, there are studies made on the relationship between price changes and 
trading volume in the maritime industry. Hale and Vanags (1992) examined three 
vessel sizes of the second hand dry bulk market for the period 1979 to 1988. They 
tested for cointegration and used the Granger causality test to examine weak form 
efficiency. Their results appeared to be contradicting. Although they found no 
evidence of cointegration between pairs of prices, such evidence was found when they 
used three price series. 
Kavussanos and Alizadeh (2002) used a three variable vector autoregressive model in 
order to examine if the Efficient Market Hypothessis together with Rational 
Expectations were valid for dry bulk ship prices for the period 1976 to 1997. 
Consistent with asset pricing theories in the financial economics literature, they found 
a relationship between excess returns and investors’ perception of risk which created 
risk premia. Therefore, the Efficient Market Hypothesis was not found valid for the 
period examined. 
In a more recent study, Syriopoulos and Roumpis (2006) used monthly data from 
September 1991 to November 2004 in order to examine the dynamics of price – 
volume relationship in three segments in each of the dry bulk and tanker markets. 
They found evidence that the trading volume was affected by past returns. An 
increase in returns was found to have a positive influence in trading volume. Using an 
EGARCH model they concluded that an increase on trading volume had a negative 
and significant effect on the return volatility of all classes in the dry bulk market, a 
positive effect on the handysize tankers and no effect on the other tanker segments. 
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4. Data and Statistics 
For the purpose of this study, monthly prices of second hand, 5 year old vessels were 
collected for the dry bulk and tanker market. Different size vessels were taken. Four 
of the dry bulk carriers; handysize, handymax, panamax and capsize, and five tankers; 
handysize, panamax, aframax, suezmax and VLCC. All prices are quoted in million 
dollars and represent the average value of the vessels sold in each category in any 
particular month. Trading volume represents the monthly number of transactions 
made each month in each vessel category. All data used come from Clarkson 
Research Services Ltd. The period examined is June 1996 to July 2011.   
The descriptive statistics of prices, price changes and trading volumes are presented in 
table 1 and 2 following. 
4.1. Price statistics 
The distributions of all classes are found to have a long right tail. The kurtosis of all 
vessel sizes are different from that of a normal distribution (kurtosis equal to 3), 
whereas volatility (standard deviation) is increasing with vessel size. The distributions 
of all dry bulk classes are peaked (leptokurtic relative to the normal distribution), 
while the distributions of the tanker classes are platykurtic (flat relative to the normal 
distribution). The Jarque – Bera test is used for examining whether the series follow 
the normal distribution process. Results of all classes lead to the rejection of the null 
hypothesis that price changes are normally distributed. Unit root tests were performed 
for all vessel size classes in order to find if the series are stationary. For that, the 
Augmented Dickey – Fuller test was used demonstrating that all price series are I(1).  
4.2. Price return statistics 
The price return series were calculated as logarithmic price changes ∆Pt=ln(Pt/Pt-1), 
where ∆Pt denotes the continuous compounded prices at time t, Pt denotes the vessel 
price at time t and ln denotes the natural logarithm. Mean price changes are positive in 
all vessel sizes in both tanker and dry bulk markets. Apart from handysize tankers, the 
distributions of all other classes are found to have long left tail. Nevertheless, all 
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distributions were found peaked. Jarque – Bera demonstrated that all vessel classes do 
not follow the normal distribution process. The Augmented Dickey – Fuller test 
showed that all price changes series are I(0).  
4.3. Trading volume statistics 
The descriptive statistics of trading volume show an increased demand of handysize 
bulk carriers relative to the other size vessels which is an evidence of the operational 
flexibility of these ships. All distributions are found to be positively skewed and 
leptokurtic relative to the normal distribution. The Jarque – Bera test demonstrated 
that all trading volume series are not normally distributed. The Augmented Dickey –
Fuller test showed that all classes are I(0).  
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5. Methodology  
Two relationships are examined; the price – trading volume and the price returns – 
trading volume. 
5.1. Methodology for price – trading volume relationship 
In order to examine the relationship between vessel prices and trading volumes a 
number of econometric tests are performed. Prices are taken at their first difference 
(dPt= Pt- Pt(-1)), as the unit root test showed them to be I(1).  
The following regressions are being used: 
dPt= α + β* Vt + εt    (1) and  
Vt= α + β*dPt + εt     (2), 
were the dPt denotes the first difference in prices and Vt the trading volume. The slope 
coefficient (β) measures the strength of this relationship.  
Given the stationarity in the variables, the VAR model is used in order to estimate the 
existence of a lead-lad relationship between prices and the trading volume. The 
following model is used: 
dPt=α+  ∑   1,idPt-1 + ∑ β  1,iVt-1+ ε1,t    (3) and 
Vt=α+  ∑ α  2,idPt-1 + ∑ β  2,iVt-1+ ε2,t     (4) 
For the estimation of VAR model two lags are taken. The number of lags are 
determined using the Akaike info criterion and the Schwarz criterion, taking the one 
that minimized the two criteria. When contradicting results are found, the smaller 
number of lags are chosen. 
Additional, a series of econometric tests are being made. The Ljung – Box Q-statistic 
on the first 12 lags is computed. The Q-statistic at lag 12 is a test statistic which 
examines the null hypothesis that there is no autocorrelation in the residuals up to 
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order 12. The Breusch – Pagan – Godfrey heteroskedasticity test is performed as well. 
The null hypothesis is that there is no heteroskedasticity while the alternate is the 
existence of heteroskedasticity of some unknown general form.  
The existence of causal relationship between price and trading volume is examined 
using the Granger Causality test. A stationary variable xt is said to ‘Granger cause’ a 
stationary variable yt when the current value of the latter can be predicted by past 
values of the former. If xt variable Granger causes variable yt it does not mean that yt 
results from xt, as Granger causality measures linear precedence and information 
content. If both variables ‘Granger cause’ each other, it can be said that there is a bi-
directional relationship. 
5.2. Methodology for price changes – trading volume relationship 
In order to examine the relationship between price return and trading volume in each 
market the following regressions are being used: 
∆Pt= α + β* Vt + εt    (5) and  
Vt= α + β* ∆Pt + εt    (6), 
were the ∆Pt denotes the logarithmic price changes and Vt the trading volume.  
The existence of a lead – lad relationship between price changes and trading volumes 
is estimated using the following VAR models:  
∆Pt=α+  ∑ α  1,i∆Pt-1 + ∑ β  1,iVt-1+ ε1,t  (7) and 
Vt=α+  ∑ α  2,i∆Pt-1 + ∑ β  2,iVt-1+ ε2,t     (8) 
For the estimation of the VAR model two lags are taken as they are found to be the 
smaller number to minimize the Akaike info criterion and the Schwarz criterion. 
The Granger Causality test is used to demonstrate the existence of a causal 
relationship between price returns and trading volume.  
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Finally, the generalized exponential autoregressive conditional heteroskedasticity 
(EGARCH) model is used, which offers the means to fully account for time – varying 
volatility in the series. The GARCH model contains an autocorrelation correction and 
is robust to underlying non-normality. It embodies heteroskedasticity as well, so it can 
be expanded to include other effects on conditional variance. In its basic form, it 
states that the weighted average of a long-run variance (a constant term ω), new 
information about volatility observed in the current period () and the forecast 
variance for this period (), is the best predictor of variance for the next period 
( ). GARCH(p,q) is defined as : 


= ω + ∑ 	 j
	

 + ∑  k


  (9) , 
where ω denotes the long-run average volatility, α is the ARCH coefficient, β is the 
GARCH coefficient, p is the order of the moving average ARCH terms and q is the 
number of the autoregressive GARCH terms. The size of α and β determines the short 
– run dynamics of the resulting volatility time series. A large β shows that shocks to 
conditional variance take a long time to die out, being in that way an indicator of the 
persistence of volatility. 
For the purpose of this study, and in order to overcome some of the weaknesses of the 
GARCH model, Nelson’s (1991) exponential GARCH (EGARCH) model is used.  
log = ω + ∑ 

 kg(zt-k) + ∑  klog
   (10),  
In order to allow for asymmetric effects between positive and negative asset returns, 
Nelson (1991) included : 
g(zt) = θ zt + λ(|zt| - E(|zt|))  (11) , 
where  is the conditional variance, ω,β,α,θ,λ are coefficients and zt is a standard 
normal variance. g(zt)  allows the sign and the magnitude of zt to have separate effects 
on volatility (Pierre, Eilleen, 1998). This model, relative to the symmetric GARCH 
model, has the advantage to hold the estimated conditional variance positive. In this 
way, the non- negativity constrains of the GARCH models are not necessary. If λ= 0 
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then a surprise εt-j would have the same effect in volatility, regardless if the shock is 
positive or negative. If λ takes values between -1 and 0, then a positive shock would 
increase the volatility less than a negative one. Whereas, if λ takes values bellow -1, a 
positive shock reduces volatility, while a negative one increases it. 
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6. Empirical Results 
6.1. The price – trading volume relationship 
The relationship between price and trading volume is examined for different size 
vessels both in the dry bulk and in the tanker market, using the model described in 
equations (1) and (2). The results are shown in tables (3) and (4). The slope in both 
markets, in all vessel classes, is positive which is an indicator of the existence of 
positive price – volume relationship. At the Breusch – Pagan – Godfrey 
heteroskedasticity test the null hypothesis of homoskedasticity is not rejected in all 
second hand vessel sizes in both markets. 
Having both of the variables made stationary, the VAR model is estimated in order to 
examine the lead - lag relationship between prices and trading volume. The models 
used are described in equations (3) and (4), while tables (7) and (8) demonstrate the 
results. The number of lags taken are 2, which is determined using the Akaike info 
criterion and the Schwarz criterion, taking the one that minimized them. When 
contradicting results are found to exist, the smaller number of lags are being chosen. 
The residual diagnostics does not show evidence of serial correlation. The Granger 
causality test demonstrates evidence that volume has no significant causal effect on 
past or current prices in both markets. However, in handymax and panamax of the dry 
bulk market and in handysize of the tanker market past prices are found to have a 
significant causal effect on trading volume. An increase in prices could lead to a 
positive effect on trading volume. 
6.2. The contemporaneous price changes – trading volume relationship 
Equations (5) and (6) describe the relationship between price returns and trading 
volume in all vessel classes. The results are demonstrated in tables (5) and (6). Here 
too the slope is found to be positive in all segments of both markets, which means that 
there is a positive relationship between price changes and trading volume. 
Nevertheless, for all size classes of the dry bulk market it is found statistically 
insignificant. At the Breusch – Pagan – Godfrey heteroskedasticity test the null 
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hypothesis of homoskedasticity is not rejected in all second hand vessel sizes in both 
markets. 
As both variables are found to be stationary, the lead – lag relationship between prices 
and trading volume is estimated using the VAR model described in equations (7) and 
(8). Tables (9) and (10) demonstrate the results. The estimation of the VAR model is 
made using two lags as that was found to be the smaller number of lags to minimize 
the Akaike info criterion and the Schwarz criterion. The residual diagnostics does not 
show evidence of serial correlation. The Granger causality test demonstrates that 
trading volume has a significant causal effect on past and current prices only in 
suezmax and VLCC vessels of the tanker market. For the other classes, the findings 
are consistent with Clark’s (1973) Mixture of Distribution Hypothesis as trading 
volume does not have a predictive power on future returns. However, there is 
evidence that past returns lead current trading volumes in the handymax, handysize 
and panamax of the dry bulk market and handysize of the tanker market.  
6.3. The return volatility –  volume dynamics 
In order to estimate the volatility – volume relationship, the EGARCH model is used 
as described in equation (10), using the trading volume (Vt-1) as an explanatory 
variable in the conditional variance. The results are presented in tables (15) and (16). 
Coefficient α represents the magnitude effect of the model. A large α gives evidence 
that volatility reacts intensively to market changes. Coefficient β demonstrates the 
persistence in conditional volatility. A large β shows that volatility takes a long time 
to die out in a case of a shock. The coefficient γ measures the leverage effect. A γ 
coefficient equals to zero means that the model is symmetric. If γ<0, then positive 
shocks are responsible for lower volatility relative to negative ones. On the contrary, 
if γ>0, then positive shocks produce more volatility. Coefficient δ demonstrates how 
the lagged trading volume affects price volatility. If δ>0 and statistically significant it 
means that there is a positive relationship between price volatility and trading volume. 
Coefficients α and β are found to be robust and statistically significant. The combined 
volatility impact (α+β) is found to be higher in handysize, handymax and panamax 
vessels of the dry bulk market and panamax and aframax vessels of the tanker market. 
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These findings are in contrast with past empirical studies of Kavussanos (1997) and  
Syriopoulos and Roumpis (2006), where the combined volatility impact was found 
higher in larger vessels than in the smaller ones. For the handysize vessels of the dry 
bulk market coefficient α is found larger, whereas its β coefficient is relative small, 
indicating that volatility tends to be more ‘spiky’. β coefficients are positive in all 
vessel sizes in both markets (except for suezmax of the tanker market). Nevertheless, 
it is relatively large in the handysize vessels of the tanker market demonstrating that 
for these vessels, volatility takes a long time to die out in the case of a shock. 
Coefficient γ which measures the leverage effect is found to be negative for all class 
segments, apart from the aframax vessels of the tanker market, and statistically 
significant, with the exception of VLCC vessels. This shows that there are asymmetric 
effects in all these classes. Aframax of the tanker market is an exception, as positive 
shocks produce more volatility that the negative ones. Coefficient δ of the lagged 
volume indicates contradicting results. It is positive for all vessel classes except for 
handysize in the dry bulk market which is found to be negative and statistically 
insignificant at 5% significance level, and aframax and VLCC of the tanker market, 
which is found to be negative and statistically significant at the same significance 
level. This indicates that in those vessel classes there is a decline in prices volatility 
when the trading volume increases. This comes in contradiction with existing 
literature in financial markets (Grammatikos and Saunders 1986, Najand and Yung 
1991 and Foster 1995) where volume was found to have a positive relationship with 
volatility. For the rest of the vessel classes, this relationship is found to be positive. 
Panamax and capsize vessels of the dry bulk market, together with the handysize 
vessels of the tanker market are found statistically robust at 5% significance level, 
whereas the impact of handymax and capsize of the dry bulk market together with that 
of panamax and suezmax of the tanker market is found to be empirically weak. 
Negative relationship between price changes and trading volume are also found in the 
study of Alizadeh and Nomikos (2003) as well as in that of Syriopoulos and Roumpis 
(2006).  
The theoretical model of Tauchen and Pitts (1983) suggests that this relationship 
could be both positive and negative depending on the number of traders in the market. 
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In markets with thin trading, such as the shipping industry, the relationship between 
price changes and trading volume is expected to be negative. 
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7. Conclusions 
The relationship between price – volume and trading volume – volatility is examined 
in this study for five – year old second hand vessels both in the dry bulk market and in 
the tanker market. The period under study is June 1996 to July 2011. For that purpose, 
various econometric techniques were used in four vessels of the dry bulk market 
(handysize, handymax, panamax and capsize) and five of the tanker market 
(handysize, panamax, aframax, suezmax and VLCC).  
The Granger causality test demonstrated that the activity in the sale and purchase 
market has no significant causal effect on past or current prices both in the dry bulk 
and in the tanker market. Nevertheless, in handymax and panamax of the dry bulk 
market and in handysize of the tanker market past prices are found to have a positive 
effect on trading volume. 
Positive contemporaneous relationship between price changes and trading volume is 
found to exist in suezmax and VLCC vessels. For the other vessel segments, the 
findings are consistent with Clark’s (1973) Mixture of Distribution Hypothesis as 
trading volume does not have a predictive power on future returns. However, 
evidence demonstrate that past returns lead current trading volumes in the handymax, 
handysize and panamax of the dry bulk market and handysize of the tanker market. In 
the market this pattern means that the higher the returns, the more transactions they 
encourage, increasing the activity in the sale and purchase market. 
The EGARCH asymmetric conditional volatility model is being used in order to 
examine the existence of asymmetric response of second-hand vessel price volatility 
to shocks in the market. This was found to exist in all classes of both markets. In all 
segments, with the exception of Aframax of the tanker market, bad news (negative 
shocks) are found to produce more volatility relative to the good news (positive 
shocks).  Consistent with the literature in financial markets, a positive relationship is 
found to exist between price volatility and trading volume in both markets. For 
handysize of the dry bulk market and aframax and VLCC of the tanker market this 
relationship is found negative and consistent with the findings of past studies 
(Alizadeh and Nomikos, 2003 and Syriopoulos and Roumpis, 2006).  
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A negative relationship between price volatility and trading volume would be 
expected in all vessel classes, as the shipping industry is a market of thin trading. In 
these markets there is higher volatility due to infrequent trading. When sale and 
purchase activity increase, the mispricing of the vessels reduces and prices come 
closer to their fundamentals, reducing thus volatility. As being expected, the results 
indicate that having incorporated the effects of the recent economical crisis, there is a 
differentiation in the vessels’ price volatility behavior from what it was observed in 
previous studies, conducted before the crisis begun.  
This empirical work contributes to the understanding of the shipping market 
microstructure and to existing empirical studies in the dynamics of the shipping 
industry. As investors are called to reform their investment strategies, the results 
presented here can be useful to the evaluation of their risk in order to profit gain.  
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Table 1: Descriptive statistics of price, price changes and trading volume of dry bulk carriers 
 Handysize Handymax Panamax Capsize 
Prices     
Mean 20,00137 26,47869 31,18743 52,08197 
St. Deviation 10,37754 15,42663 18,89365 31,77376 
Skewness 1,413884 1,752226 1,671139 1,857515 
Kurtosis 4,741852 5,579026 5,402194 5,957073 
Jarque-Bera 84,10620 144,3608 129,1779 171,9112 
 0,0000 0,0000 0,0000 0,0000 
Unit Root test     
Level -1,863634 -2,157829 -2,215555 -2,370429 
Trend and intercept -2,407462 -2,517334 -2,553576 -2,604352 
1st difference -9,862938 -7,925131 -8,788395 -7,427624 
     
Price Returns     
Mean 0,002454 0,001555 0.002421 0,001636 
St. Deviation 0,066234 0,073185 0,085657 0,078139 
Skewness -0,059318 -3,330174 -4,631704 -2,953492 
Kurtosis 51,91891 27,95259 45,05238 25,73479 
Jarque-Bera 18819,82 5030,233 13983,86 4161,212 
 0,0000 0,0000 0,0000 0,0000 
Unit Root test     
Level -9,633833 -8,044218 -8,799931 -8,306448 
Trend and intercept - - - - 
1st difference - - - - 
     
Sales Volume     
Mean 14,61538 7,653846 7,664835 3,241758 
St. Deviation 7,065235 6,097365 5,430910 2,802291 
Skewness 0,614481 1,664388 1,132129 1,457801 
Kurtosis 3,370621 7,689294 4,149085 5,555594 
Jarque-Bera 12,49511 250,7826 48,89170 113,9911 
 0,001935 0,0000 0,0000 0,0000 
Unit Root test     
Level -8,16770 -5,585300 -8,194717 -10,76577 
Trend and intercept - - - - 
1st difference - - - - 
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Table 2: Descriptive statistics of price, price changes and trading volume of tankers 
 handysize panamax aframax suezmax vlcc 
Prices      
Mean 26,55328 36,69634 44,15301 57,30874 83,47541 
St. Deviation 9,747793 11,56770 14,95473 18,96408 28,79299 
Skewness 0,820423 0,735202 0,640843 0,787621 0,877893 
Kurtosis 2,381919 2,452020 2,158925 2,504022 2,778596 
Jarque-Bera 23,44227 18,77558 17,91972 20,79918 23,87999 
 0,0000 0,000084 0,000128 0,000030 0,000007 
Unit Root test      
Level -1,255882 -1,104083 -1,397422 -1,138393 -1,444883 
Trend and intercept -1,291825 -1,018977 -1,197806 -0,729805 1,252929 
1st difference -11,00799 -9,920337 -7,170236 -12,47655 -10,90648 
      
Price Returns      
Mean 0,001131 0,000651 0,000454 0,001360 0,001751 
St. Deviation 0,049695 0,036958 0,0045160 0,039624 0,041191 
Skewness 0,352906 -0,350295 -1,270281 -2,729667 -3,170445 
Kurtosis 18,51712 8,893827 11,30116 27,83424 31,14157 
Jarque-Bera 1819,647 265,6780 568,3686 4876,017 6275,837 
 0,0000 0,0000 0,0000 0,0000 0,0000 
Unit Root test      
Level -11,20742 -9,495746 -10,59742 -7,111863 -6,810694 
Trend and intercept - - - - - 
1st difference - - - - - 
      
Sales Volume      
Mean 6,967802 1,412088 3,824176 2,296703 2,752747 
St. Deviation 5,685291 2,057319 2,877205 2,765192 2,553163 
Skewness 0,798018 2,025224 1,445209 2,488539 1,551512 
Kurtosis 3,389174 7,954859 5,442978 11,68550 6,515862 
Jarque-Bera 20,46580 310,5887 108,6135 759,9205 166,7579 
 0,000036 0,0000 0,0000 0,0000 0,0000 
Unit Root test      
Level -4,102899 -6,047219 -11,19522 -12,87192 -10,63664 
Trend and intercept - - - - - 
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Table 3: Price – trading volume relationship: dry bulk market. 
 Handysize Handymax Panamax Capsize 
Price on trading volume    
α -1,160109 -0,888076 -1,626500 -1,338319 
 (0,341663) (0,334582) (0,496637) (0,681587) 
 [0,0008] [0,0087] [0,0013] [0,0511] 
β 0,082507 0,120491 0,219079 0,427942 
 (0,021049) (0,034158) (0,052773) (0,158810) 
 [0,0001] [0,0005] [0,0001] [0,0077] 
Trading volume on price    
α 14,56959 7,649137 7,677295 3,254510 
 (0,506897) (0,440481) (0,386110) (0,204574) 
 [0,0000] [0,0000] [0,0000] [0,0000] 
β 0,958074 0,539426 0,400871 0,091098 
 (0,244426) (0,152922) (0,096564) (0,033806) 
 [0,0001] [0,0005] [0,0001] [0,0077] 
Notes: Figures (.) and [.] stands for standard errors and probability values respectively. 
 
 
Table 4: Price – trading volume relationship: tanker market. 
 handysize panamax aframax suezmax vlcc 
Price on trading volume     
α -0,505972 -0,109783 -0,682313 -0,406892 -1,209983 
 (0,208950) (0,123830) (0,264128) (0,272856) (0,491214) 
 [0,0165] [0,3765] [0,0106] [0,1377] [0,0147] 
β 0,055063 0,092883 0,183066 0,205883 0,482014 
 (0,018598) (0,049581) (0,55261) (0,075887) (0,130665) 
 [0,0035] [0,0627] [0,0011] [0,0073] [0,0003] 
Trading volume on price     
α 9,667188 1,415314 3,812449 2,285624 2,744615 
 (0,414916) (0,152106) (0,208658) (0,202605) (0,183790) 
 [0,0000] [0,0000] [0,0000] [0,0000] [0,0000] 
β 0,847800 0,207019 0,315559 0,191839 0,146577 
 (0,286357) (0,110508) (0,095255) (0,070710) (0,039734) 
 [0,0035] [0,0627] [0,0011] [0,0073] [0,0003] 
Notes: Figures (.) and [.] stands for standard errors and probability values respectively. 
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Table 5: Price changes – trading volume relationship: dry bulk market. 
 Handysize Handymax Panamax Capsize 
Price on trading volume    
α -0,040688 -0,023826 -0,037266 -0,020049 
 (0,010762) (0,008426) (0,010502) (0,008695) 
 [0,0002] [0,0052] [0,0005] [0,0223] 
β 0,002952 0,003310 0,005153 0,006652 
 (0,000663) (0,000860) (0,001116) (0,002026) 
 [0,0000] [0,0002] [0,0000] [0,0012] 
Trading volume on price    
α 14,33035 7,632629 7,651642 3,245701 
 (0,501399) (0,437857) (0,382258) (0,202704) 
 [0,0000] [0,0000] [0,0000] [0,0000] 
β 33,77901 23,07690 20,65628 8,539428 
 (7,585854) (5,998087) (4,473260) (2,600779) 
 [0,0000] [0,0002] [0,0000] [0,0011] 
Notes: Figures (.) and [.] stands for standard errors and probability values respectively. 
 
 
Table 6: Price changes – trading volume relationship: tanker market. 
 handysize panamax aframax suezmax vlcc 
Price on trading volume     
α -0,020420 -0,002276 -0,015795 -0,006767 -0,010848 
 (0,007079) (0,003326) (0,005384) (0,003721) (0,004341) 
 [0,0044] [0,4948] [0,0039] [0,0707] [0,0134] 
β 0,002224 0,002061 0,004256 0,003536 0,004561 
 (0,000630) (0,001332) (0,001126) (0,001035) (0,001155) 
 [0,0005] [0,1235] [0,0002] [0,0008] [0,0001] 
Trading volume on price     
α 9,657501 1,415721 3,809793 2,274798 2,731660 
 (0,410928) (0,152577) (0,206871) (0,200366) (0,182951) 
 [0,0000] [0,0000] [0,0000] [0,0000] [0,0000] 
β 29,25987 6,405300 17,35672 17,31429 17,57422 
 (8,289737) (4,139198) (4,593307) (5,067679) (4,449831) 
 [0,0005] [0,1235] [0,0002] [0,0008] [0,0001] 
Notes: Figures (.) and [.] stands for standard errors and probability values respectively. 
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Table 7: Estimates of VAR model for lead - lag relationship between price – trading volume: dry bulk market. 
 handymax handysize panamax capesize 
 returns volumes returns volumes returns volumes returns volumes 
ai,1 0,460435 -0,064833 0,238197 0,333586 0,364639 0,072458 0,602648 0,016908 
 (0,07600) (0,16742) (0,07690) (0,23929) (0,07661) (0,10137) (0,07526) (0,03978) 
 [6,05860] [-0,38724] [3,09729] [1,39407] [4,75972] [0,71480] [8,00749] [0,42508] 
ai,2 -0,113582 0,126289 0,009315 -0,226816 -0,106715 0,000701 -0,169033 0,050804 
 (0,07390) (0,16281) (0,07681) (0,23899) (0,07549) (0,09988) (0,07537) (0,03984) 
 [-1,53692] [0,77576] [0,12127] [-0,94905] [-1,41368] [0,00702] [-2,24266] [1,27534] 
bi,1 0,087042 0,281740 0,044763 0,366742 0,143440 0,376012 0,035016 0,161791 
 (0,03345) (0,07368) (0,02444) (0,07604) (0,05767) (0,07631) (0,14262) (0,07538) 
 [2,60250] [3,82378] [1,83169] [4,82308] [2,48729] [4,92769] [0,24552] [2,14645] 
bi,2 0,38585 0,266851 0,013572 0,189763 0,031685 0,121268 0,215941 0,135607 
 (0,03424) (0,07544) (0,02470) (0,07685) (0,05848) (0,07738) (0,14227) (0,07519) 
 [1,12682] [3,53745] [0,54947] [2,46921] [0,54179] [1,56715] [1,51786] [1,80350] 
intercept -0,943407 3,508898 -0,819697 6,527697 -1,311678 3,933955 -0,795581 2,294263 
 (0,35141) (0,77416) (0,41165) (1,28083) (0,56172) (0,74325) (0,70622) (0,37325) 
 [-2,68463] [4,53253] [-1,99127] [5,09644] [-2,33510] [5,29255] [-1,12654] [6,14669] 
Notes: Figures (.) and [.] stands for standard deviation and t-statistic respectively. 
 
 
Table 8: Estimates of VAR model for lead - lag relationship between price – trading volume: tanker market. 
 handysize aframax panamax suezmax vlcc 
 returns volumes returns volumes returns volumes returns volumes returns volumes 
ai,1 0,139731 0,452918 0,090259 0,122377 0,232188 -0,076361 0,043973 0,090746 0,141215 0,064157 
 (0,07602) (0,26600) (0,07634) (0,10080) (0,07542) (0,10821) (0,07667) (0,07340) (0,07693) (0,04204) 
 [1,83820] [1,70268] [1,18236] [1,21410] [3,07864] [-0,70566] [0,57356] [1,23635] [1,83574] [1,52607] 
ai,2 -0,005234 0,356346 0,148463 0,032215 0,124172 0,162256 0,116163 0,144161 0,126936 0,059550 
 (0,07629) (0,26697) (0,07620) (0,10062) (0,07496) (0,10755) (0,07700) (0,07372) (0,07724) (0,04221) 
 [-0,06861] [1,33477] [1,94824] [0,32017] [1,65660] [1,50868] [1,50852] [1,95547] [1,64346] [1,41076] 
bi,1 0,039864 0,31081 0,080531 0,144621 0,063889 0,278990 0,045736 0,002557 0,145029 0,176231 
 (0,02126) (0,07440) (0,05823) (0,07689) (0,05144) (0,07380) (0,07960) (0,07620) (0,14110) (0,07711) 
 [1,87496] [4,17835] [1,38295] [1,88090] [1,24210] [3,78023] [0,57460] [0,03356] [1,02786] [2,28539] 
bi,2 0,022783 0,197957 0,069782 0,082868 0,033878 0,210411 0,046286 0,048012 0,102568 -0,007377 
 (0,02120) (0,07418) (0,05837) (0,07707) (0,05179) (0,07431) (0,07933) (0,07595) (0,14067) (0,07688) 
 [1,07469] [2,66844] [1,19549] [1,07516] [0,65413] [2,83148] [0,58348] [0,63219] [0,72912] [-0,09595] 
intercept -0,584001 4,764608 -0,564010 2,942904 -0,125987 0,731176 -0,159617 2,164733 -0,602466 2,262285 
 (0,24818) (0,86846) (0,33473) (0,44199) (0,13026) (0,18691) (0,33541) (0,32111) (0,60761) (0,33207) 
 [-2,35314] [5,48627] [-1,68494] [6,65836] [-0,96717] [3,91201] [-0,47589] [6,74145] [-0,99153] [6,81273] 
Notes: Figures (.) and [.] stands for standard deviation and t-statistic respectively. 
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Table 9: Estimates of VAR model for lead - lag relationship between price returns – trading volume: dry bulk 
market. 
 handymax handysize panamax capesize 
 returns volumes returns volumes returns volumes returns volumes 
ai,1 0,454515 0,467974 0,238291 11,90700 0,368629 3,464849 0,469806 2,072540 
 (0,07593) (6,50550) (0,07705) (7,62473) (0,07689) (4,77719) (0,07709) (2,95015) 
 [5,98583] [0,07194] [3,09280] [1,56163] [4,79424] [0,72529] [6,09408] [0,70252] 
ai,2 -0,139484 5,716505 0,004378 -4,90121 -0,144098 0,548915 -0,090297 3,334799 
 (0,07491) (6,41821) (0,07686) (7,60626) (0,07591) (4,71652) (0,07740) (2,96183) 
 [-1,86194] [0,89067] [0,05697] [-0,64948] [-1,89819] [0,11638] [-1,16666] [1,12593] 
bi,1 0,001414 0,273521 0,001638 0,360365 0,003062 0,373208 -0,000272 0,157591 
 (0,00087) (0,07414) (0,00077) (0,070642) (0,00124) (0,07682) (0,00199) (0,07613) 
 [1,63452] [3,68939] [2,12088] [4,71562] [2,47620] [4,85796] [-0,13661] [2,06993] 
bi,2 0,001717 0,255058 0,000646 0,180676 0,000863 0,119110 0,002419 0,134887 
 (0,00087) (0,07493) (0,00078) (0,07745) (0,00125) (0,07783) (0,00198) (0,07590) 
 [1,96299] [3,40375] [0,82605] [2,33281] [0,68891] [1,53030] [1,21942] [1,77710] 
intercept -0,022991 3,651970 -0,031563 6,741183 -0,028549 3,966508 -0,006120 2.303648 
 (0,00902) (0,77240) (0,01316) (1,30260) (0,01205) (0,74842) (0,00980) (0,37490) 
 [-2,55024] [4,72810] [-2,39794] [5,17519] [-2,37003] [5,29985] [-0,62465] [6,14470] 
Notes: Figures (.) and [.] stands for standard deviation and t-statistic respectively. 
 
  
Table 10: : Estimates of VAR model for lead - lag relationship between price returns – trading volume: tanker market. 
 handysize aframax panamax suezmax vlcc 
 returns volumes returns volumes returns volumes returns volumes returns volumes 
ai,1 0,103731 14,63079 0,160695 6,446971 0,283490 -3,332407 0,120189 7,844665 0,162439 10,60359 
 (0,07635) (7,81660) (0,07725) (5,98/634) (0,07560) (4,07628) (0,07658) (5,3863) (0,07649) (4,72724) 
 [1,35860] [1,87176] [2,08024] [1,29293] [3,74996] [-0,81751] [1,56955] [1.4564] [2,12374] [2,24308] 
ai,2 0,20011 8,795234 0,118057 0,499441 0,089022 6,306029 0,174925 11,28751 0,145911 8,223448 
 (0,07675) (7,85697) (0,07734) (4,99244) (0,07531) (4,06069) (0,07728) (5,4357) (0,07731) (4,77811) 
 [0,26074] [1,11942] [1,52641] [0,10004] [1,18209] [1,55295] [2,26360] [2,0765] [1,88734] [1,72107] 
bi,1 0,001408 0,306133 0,001174 0,141136 0,001164 0,279839 -4,68E-05 -0,01166 0,001303 0,150456 
 (0,00073) (0,07495) (0,00120) (0,07745) (0,00137) (0,07369) (0,00109) (0,0767) (0,00124) (0,07691) 
 [1,92329] [4,08460] [0.97876] [1,82236] [0,85148] [3,79745] [-0,04285] [-0,1519] [1,04751] [1,95636] 
bi,2 0,000885 0,195698 0,001502 0,087034 0,001096 0,211738 0,000794 0,039104 0,001413 -0,023295 
 (0,00073) (0,07457) (0,00120) (0,07744) (0,00137) (0,07399) (0,00109) (0,0763) (0,00123) (0,07620) 
 [1,21465] [2,62444] [1,25166] [1,12383] [0,79881] [2,86174] [0,73156] [0,5122] [1,14622] [-0,30571] 
intercept -0,021252 4,828350 -0,009963 2,939659 -0,002832 0,728013 -0,000851 2,205903 -0,006383 2,359059 
 (0,00861) (0,88186) (0,00688) (0,44386) (0,00346) (0,18635) (0,00457) (0,3211) (0,00535) (0,33079) 
 [-2,46725] [5,47519] [-1,44898] [6,62298] [-0,81933] [3,90664] [-0,18650] [6,8688] [-1,19267] [7,13158] 
Notes: Figures (.) and [.] stands for standard deviation and t-statistic respectively. 
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Table 11: Granger causality test: prices – trading volume in dry bulk market 
 
Handysize Handymax Panamax Capesize 
Volume does not Granger Cause Prices 2,74785 5,62944 4,46845 1,29850 
 [0,0668] [0,0043] [0,0128] [0,2756] 
Prices does not Granger Cause Volume 1,18265 0,30269 0,28799 1,59400 
 [0,3089] [0,7392] [0,7901] [0,2061] 
Notes: Figure [.] stands for probability. 
 
 
Table 12: Granger causality test: prices – trading volume in tanker market 
 Handysize Panamax Aframax Suezmax VLCC 
Volume does not Granger Cause Prices 3,74824 1,42252 1,89799 0,33738 0,93867 
 [0,0255] [0,2439] [0,1530] [0,7141] [0,3931] 
Prices does not Granger Cause Volume 2,68690 1,18395 0,83225 2,74934 2,50019 
 [0,0709] [0,3085] [0,4368] [0,0668] [0,0850] 
Notes: Figure [.] stands for probability. 
 
 
Table 13: Granger causality test: price returns – trading volume in dry bulk market. 
 
Handysize Handymax Panamax Capesize 
Volume does not Granger Cause Returns 3,94020 4,86845 4,65457 0,74803 
 [0,0212] [0,0088] [0,0107] [0,4748] 
Returns does not Granger Cause Volume 1,26628 0,50971 0,33010 1,45845 
 [0,2845] [0,6016] [0,7193] [0,2354] 
Notes: Figure [.] stands for probability. 
 
 
Table 14: Granger causality test: price returns – trading volume in tanker market. 
 Handysize Panamax Aframax Suezmax VLCC 
Volume does not Granger Cause Returns 4,09106 1,03751 1,42896 0,26847 1,39986 
 [0,0184] [0,3565] [0,2424] [0,7649] [0,2424] 
Returns does not Granger Cause Volume 2,59226 1,26339 0,88486 3,58490 4,71071 
 [0,0777] [0,2853] [0,4146] [0,0298] [0,0102] 
Notes: Figure [.] stands for probability. 
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Table 15: EGARCH price – volume conditional volatility in dry bulk market. 
 Handysize Handymax Panamax Capesize 
Mean return model 
α
ο
 -0,031287 -0,018838 -0,020160 -0,011065 
 (0,005970) (0,004814) (0,006152) (0,005159) 
 [0,0000] [0,0001] [0,0010] [0,0320] 
α1 0,002099 0,003114 0,003581 0,006064 
 (0,000344) (0,000493) (0,000830) (0,001241) 
 [0,0000] [0,0000] [0,0000] [0,0000] 
Conditional Variance Model 
Ω -6,421416 -3,233006 -5,378657 -4,894610 
 (0,68915) (0,522937) (0,499881) (0,840780) 
 [0,0000] [0,0000] [0,0000] [0,0000] 
α 1,130228 0,793420 0,898222 0,379193 
 (0,104131) (0,101420) (0,101819) (0,103441) 
 [0,0000] [0,0000] [0,0000] [0,0002] 
β 0,043554 0,553529 0,283638 0,303449 
 (0,096156) (0,079819) (0,077354) (0,132884) 
 [0,6506] [0,0000] [0.0002] [0,0224] 
γ -0,767106 -0,202219 -0,641063 -0,555414 
 (0,126781) (0,081940) (0,081081) (0,095526) 
 [0,0000] [0,0136] [0,0000] [0,0000] 
δ -0,002299 0,001497 0,079887 0,087537 
 (0,015552) (0,010726) (0,014799) (0,040774) 
 [0,8825] [0,8890] [0,0000] [0,0318] 
LL 290,0204 292,3048 269,1087 293,2728 
AIC -3,127297 -3,152539 -2,896229 -3,163236 
Q(12) 8,1824 21,905 13,019 17,323 
 [0,771] [0,039] [0,368] [0,138] 
Q2(12) 16,362 11,946 8,9817 6,4605 
 [0,175] [0,450] [0,704] [0,891] 
Notes: Figures (.) and [.] stands for standard error and probability respectively. LL and AIC is the log-likelihood and 
Akaike information criterion respectively. Q(12) and Q2(12) are the Ljung-Box Q-statistics on the first 12 lags of the 
sample autocorrelation function of standardized residuals and squared standardized residuals respectively, distributed 
ats X2(12) with 5% critical value of 21,03. 
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Table 16: EGARCH price – volume conditional volatility in tanker market. 
 Handysize Panamax Aframax Suezmax VLCC 
Mean Return Model 
α
ο
 -0,008725 -5,65E-06 -0,008673 -0,005961 -0,012207 
 (0,000999) (0,003063) (0,005539) (0,004156) (0,005690) 
 [0,0000] [0,9985] [0,1174] [0,1514] [0,0319] 
α1 0,001168 0,002720 0,002087 0,004779 0,004907 
 (0,0001789) (0,001345) (0,000630) (0,001339) (0,000986) 
 [0,0000] [0,0431] [0,0009] [0,0004] [0,0000] 
Conditional Variance Model 
Ω -0,414742 -1,531868 -1,727810 -9.455153 -5,244010 
 
(0,009967) (0,265353) (0,436026) (1,097872) (2,173420) 
 
[0,0000] [0,0000] [0,0001] [0,0000] [0,0158] 
α -0,389135 0,370163 0,456698 -0,369479 -0,277130 
 
(0,035621) (0,063553) (0,137703) (0,119392) (0,139456) 
 
[0,0000] [0,0000] [0,0009] [0,0020] [0,0469] 
β 0,928299 0,803180 0,728071 -0,439359 0,154653 
 
(0,001364) (0,036284) (0,073664) (0,179203) (0,334325) 
 
[0,0000] [0,0000] [0,0000] [0,0142] [0,6437] 
γ -0,259977 -0,113905 0,202201 -0,263137 -0,106336 
 
(0,020897) (0,050903) (0,074296) (0,109333) (0,106439) 
 
[0,0000] [0,0252] [0,0065] [0,0161] [0,3178] 
δ 0,016493 0,004633 -0,076360 0,081221 -0,075400 
 
(0,001790) (0,021740) (0,024456) (0,053483) (0,033219) 
 
[0,0000] [0,8313] [0,0018] [0,1289] [0,0232] 
LL 344,2090 357,9012 320,4611 337,5707 338,4301 
AIC -3,726066 -3,877362 -3,463658 -3,652715 -3,662211 
Q(12) 7,3763 25,193 22,924 20,032 19,500 
 
[0,832] [0,014] [0,028] [0,066] [0,077] 
Q2(12) 2,4273 7,0250 3,2780 2,9822 5,5097 
 
[0,998] [0,856] [0,993] [0,996] [0,939] 
Notes: Figures (.) and [.] stands for standard error and probability respectively. LL and AIC is the log-likelihood and 
Akaike information criterion respectively. Q(12) and Q2(12) are the Ljung-Box Q-statistics on the first 12 lags of the 
sample autocorrelation function of standardized residuals and squared standardized residuals respectively, distributed 
ats X2(12) with 5% critical value of 21,03. 
 
 
